We examined the effect of prolonged bile duct obstruction, and subsequent biliary decompression, on biochemical and metabolic parameters, using a reversible jaundice model in male Fischer 344 rats. The animals were studied after biliary obstruction for varying periods (4 days, one week, and two weeks) and following decompression. They were sacrificed one or two weeks following decompression. All the rats were compared to sham operated, pair-fed, controls. Obstructive jaundice rapidly increased bilirubin, liver enzymes, serum free fatty acid, and triglyceride levels. Glucose levels were significantly decreased in the jaundice rats compared to their pair-fed controls. Only after two weeks of jaundice was significant hypoalbuminemia observed. Following decompression, all biochemical and metabolic values gradually returned to normal levels, except for albumin. Hypoalbuminemia was not reversed within the two-week post-decompression period. The rats jaundiced for two weeks had significantly higher mortality, compared to the other groups. We conclude that prolonged jaundice adversely affects the metabolic capacity of the rats, with albumin concentration being markedly decreased, and that biliary decompression could not reverse completely all the alterations seen with cholestasis, especially following two weeks of bile duct obstruction.
INTRODUCTION
Obstructive jaundice is associated with high morbidity and mortality in patients submitted to surgical intervention. The timing of bile-duct decompression in relation to the definitive operative procedure is still controversial, with some authors advocating preoperative decompression1, while others support a concomitant decompression and definitive operation2. Several experimental studies have been attempted to elucidate the pathophysiology of extrahepatic bile-duct obstruction, as well as the effects of bile duct decompression on various metabolic parameters3. The models usually used by these authors are complex, with extensive operative procedures that further affect organ function. Recently in our laboratory, Posner et al. designed a rat model for reversible obstructive jaundice which is simple, reproducible and performed with minor surgical trauma. They studied this model within a four day period, showing that the rats consistently developed jaundice. They were able to reverse the jaundiced condition after four days of decompression. In the present study, we evaluated the effect of prolonged jaundice (four days to two weeks) and bile duct decompression on metabolic parameters in the rat.
MATERIALS AND METHODS
The experiments were performed on 160 male. Fischer-344 rats (body weight: 275-300g; Charles River Breeding Laboratories, Inc.). The animals were allowed Purina Chow and water ad libitum. They were placed in individual cages five days prior to the start of the experiment for environmental adaptation.
The rats were randomly separated into eight groups (10 
RESULTS
Following bile duct obstruction, we observed a decrease in food intake and body weight in all rats. This decrease reached a minimum level around postoperative day 4, stabilizing thereafter. There was a parallel decrease in body weight in the pairfed control animals, and there was no significant difference between the groups and their controls. Following decompression, there was a progressive increase in the body weight of the animals, which was maintained until the day of sacrifice. There was no significant difference in body weight between jaundiced and sham operated, pair-fed control animals ( Figure 1 ).
Mortality was not significantly different between sham operated controls and the rats submitted to jaundice for periods of four days or one week (P =0.7832 and P 0.6625, respectively). The jaundiced state maintained for two weeks, however, significantly affected survival of the animals, with most of the deaths occurring after 9-10 days of bile duct obstruction (P 0.00007). On autopsy, we observed profuse intra-abdominal hemorrhage in all these rats.
Reversal of bile duct ligation was possible in all the rats submitted to the procedure for four days, but 3% were not reversed by the removal of the loop after one week of obstruction. This proportion increased to 10% in the group of animals jaundiced for two weeks.
Bilirubin: Bile duct obstruction as expected, significantly increased bilirubin levels ( Figure 2 ). However, there was a trend towards a progressive decrease of bilirubin levels with more prolonged jaundice (4D, 1W, and 2W). Following decompression, there was a significant drop in bilirubin levels, reaching normal range in all groups after one week, although still higher than pair-fed controls. After two weeks, bilirubin levels were similar to those recorded in the pair-fed controls.
Metabolic Profile
Free Fatty Acids: Figure 3 shows that following bile duct obstruction (4D, 1W, and ogo.. Figure 4 , decompression of bile duct for one week was not sufficient to totally reverse hypertriglyceridemia, although there was a clear decrease in TG levels and a trend towards normalization. In the rats that were jaundiced for two weeks and decompressed for two other weeks, TG levels returned to control levels. Glucose: Bile duct obstruction affected glucose levels significantly even after 4 days of jaundice ( Figure 5 ). Jaundiced rats were consistently hypoglycemic when compared to normal pair-fed controls (4D, 1W, and 2W). After one week of decompression, glucose levels in the jaundiced rats increased significantly, reaching control levels, and in one instance (4D 1W), glucose levels were higher than control animals.
Albumin: Two weeks of bile duct obstruction were necessary in order to significantly decrease albumin levels, compared to sham-operated controls. Albumin levels did not return to normality in these animals, even following two weeks of decompression ( Figure 6 ).
Liver Function Tests Alanine Amino Transferase: Figure 7 shows that bile duct obstruction increased significantly ALT levels, with the highest increase observed after 4 days of obstruction. Relief of obstruction tended to decrease ALT levels, but normal levels were not attained during the 2 weeks following decompression (except for group awaw). Aspartate Amino Transferase: Figure 8 shows that bile duct obstruction promoted a significant increase in the AST levels. With prolonged jaundice, however, AST levels tended to decrease progressively. In spite of a decrease in AST concentration following decompression, the level of this enzyme did not reach normal levels during 2 weeks following decompression. Alkaline Phosphatase: Alkaline phosphatase levels increased steadily following bile duct obstruction ( Figure 9 ). Decompression of bile duct decreased AP levels, and after two weeks all rats had comparable normal levels.
DISCUSSION
In the present study, 
INVITED COMMENTARY
Studies on the changes occurring following bili-ary obstruction as well as the normalization after biliary decompression are of utmost importance as the value of preoperative biliary drainage is still debated. Thus, the exact pathophysiological mechanisms of the morphological and functional changes in the liver, including hepatocyte and Kupffer cell function, are not fully determined. Furthermore, the intervals for the restoration of these functions are not known, whereby the optimal length of preoperative biliary drainage is not clear. In the present paper, the authors present some variables reflecting liver and metabolic functions following biliary obstruction and biliary decompression using an elegant model for reversible obstructive jaundice in the rat1. In order to obtain a model of "chronic biliary stasis", two weeks of biliary obstruction is usually required in the rat, which also is shown in this paper. Standard liver function enzymes more or less normalized within a period of two weeks of biliary decompression in the jaundiced rats. This normalization, however, does not correlate to the restoration of hepatocyte mitochondrial function, Kupffer cell reticuloendothelial function and the morphological changes induced by "chronic" biliary obstruction, which require a longer period in order to normalize2'3. A remaining hepatocyte secretory dysfunction is also indicated by the persisting low albumin levels following two weeks of biliary decompression in the present study. Thus, it would be interesting to evaluate longer periods of biliary decompression, including other parameters of mitochondrial function, e.g. antipyrine clearance 4 and reticuloendothelial system function. As surgery in the jaundiced patient is associated with high morbidity, not least infectious complications5, evaluation of the influence of biliary obstruction and biliary decompression on mortality could preferably be performed by studying the outcome of a septic challenge. Further studies in this field are necessary in order to clarify the pathophysiological mechanisms of the restoration of hepatic function following biliary obstruction and biliary decompression and the optimal timing of surgery.
